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Overview

§ Associations



UML/SysML1 Associations

Model Shopping

Selection

0.. *

(M1) Cart inCart

Associatedj
class/block
ASSO

Association end

K

N

Product
'K Associated
C|at|on

Product
selected

class/block

Assoc:|at|on end

§ Association ends are properties for |dent|fy|ng
— (*navigating to”) instances of one associated class/block ...
— ... based on (“from”) instances of the other. 4



Associlation “Ends”

Shopping |0.. Selection 0.. *
Model ngt g2 * Product
(M1) inCart selected
Product
;h'.ngs Object oriented Relational
€ing (UML/SysML1)
Modeled Select 1 :
(MO) Prod : : Product 12 :
oduct 12: | inCart sele((j:ted | =
: P t 4
Mary’'s Cart : |g—[ @ [nCart / P .
selected @ —7 Mary’s Cart :
Product e : : :
—| Product 13: \ | Seleg;lgc.ted Product 13 :
—® inCart o INCart Product o_
Joe’s Cart : Product 14 : Joe's Cart - Select 3: Product 14 -
selected @— inCart inCart Selected '
Product K_‘m ar Product,_j
5

Modelled “In” associated classes/blocks

Modelled from the “middle”



Relational: Properties of Associations

Shopping |0..x 0. x ——
Model Cart inCart " selectedl_' "9 uct
(M1) \ Product
Selection

info : SelectionInfo [1..%]

Relational Select 1 -

Obiject oriented

Product 12 : )
— . - Cart Info &= > S1info:
ary’s Cart : |[g—"[ @ ntar
selected — —7
Product &————\| product 13: Select 2 :
L—e inCart
info @=— = S2Info:
Joe’s Cart : Product 14 :
selected @—f—7] inCart .
Product é//. Select 3 :

info &= — S3 Info :




Relational: Connectors

Model
(M1)

«adjunct»

§ Properties typed by associations

OnlineCustomer

structure
os - Relational
ocC . 0..% Selection 0.. * _
ShoppingCart [inCart selected | 0P - Product Product12;
Product
. Select 1:
properties é incart Selected
oc : ShoppingCart [1] ( Product e-
: - o
OS : ProductSelection [0..*] g— Mary's Cart :

op: Product [0..*]

—

Select 2:
@ inCart selected._
Product )

Product 13:

Things Being
Modeled (MO)



Relational: “Blind” Associlation

Model
M1 .
(M1) pkg Jane’s J pkg Fred’s ) pkg Jim's )
Shopping 0.. * Selection 0.. *
Cart InCart selected Product
Product
Things Being : Select 1 :
Mary’s Cart : Product 12 : :
Modeled (MO) Y inCart selected Relational
—_le Productg| =7

§ Associating classes/blocks that you don’t “own”.
— Ends are not “in” associated classes/blocks ...
— ... but still navigable.
— UML/SysML1 association-owned ends.



SysML1 Association Participant Properties

_ Select 1:
‘Relational linked linked o]
«participantProperty» ,~T® cart Product \
Product 12:
Mary’s Cart : |g——T"® inCart .
oo oot
Product &=—1=——| product 13:
—® inCart
Relational ~ Select 2
o linked  linked
«participantProperty» Qe cart  Product ®

§ SysML 1 ParticipantProperty stereotype.

— Always multiplicity [1] {readonly}

Ref
roles
papers



Two Kinds of Association Properties

Shoppin_fj inCart

0..x
Selection
~ ~ ~|linkedCart : ShoppingCart [1] partiCi pant
y Cross 0 % linkedProduct: Product [1] ﬁ propertieS

. A
properties Trodue |
|

Thl(r;gls (IjBelng Mary'’s. Select 1: Product 12:

Modeled (MO) Cart < ’M selectedProduct

e linkedProducte | *

> 7 '\—T

§ Two kinds of properties, for navigating from:

— One linked thing to another (“cross” properties).

— Identify linked things (participant properties).
e Exactly one thing for each, cannot change.
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Overview

§ Debt (SysML1 & SST)
§ Paid (SST February)

11



(In) Consistency

- I Select 1:
elationa linked linked

«participantProperty» ® cart  Product '\
/ Product 12 :

Mary’s Cart : inCart

selected

Product e— —| Product 13

—® INCart

Link (participants) @
without cross values

Object oriented

}Cross values
without links

§8 Links and cross property values might not match.

— How to require them to?

12



1> Consistency (1)

Select 1: Select 1:
linked linked linked linked

® cart Product '\' ® Ccart Product "\
| Product 12: Product 12:

Mary’s Cart : Mary's Cart : [g—""T"1° inCart
selected @=

Product
—

§ Navigating “out” one participant property ...
§ ... then along a cross property ...
§ ... should be possible to get back to the other participant.




SysML 1.x Bound Refs / SST Feature Chains

SST Model
(M1)

Things Being
Modeled (MO)

§ = Math relational composition

rotate
rollsOn Around
Car [® > Wheel [@ S| Hub
A | 1\
I .
! —“Chained”
| rollsOn e rotateAround &~ foature
: rotate
: rollsOn Around
>| : Wheel > Hub
rotate rollsOn e
rollsOn Around
: Wheel Hub rotateAround
John’s E— rotate>| .
Car rollsOn Aroungl %
E— >| : Wheel Hub
rotate
rollsOn Around
>| : Wheel >| Hub
14

https://en.wikipedia.org/wiki/Composition of relations



https://en.wikipedia.org/wiki/Composition_of_relations

Consistency (1)

Shopping inCart

Cart  [0..x Selection
7/ ’ ~ o participant properties
Model e ~| linkedCart : ShoppingCart [1] Subsets linkedProduct e inCart
I 0..% i : '
(M1) : Product e, linkedProduct : Product [1] subsets linkedCart « selectedProduct
l AN
I Product I
A :
~~ {Mary’s Cart: Select 1. Product 12
selectedProduct [€ 'M inCart
P linkedProducte | | 9
Things Being 'T\ linkedProduct « inCart |
Modeled (MO)

linkedCart o selectedProduct

§ Each participant property subsets across the other.
— Link (with participants) implies cross property values.

15



Consistency (1)

Relational

linked linked

Select 1:

«participantProperty» ® ~art Product .-\
/ Product 12:

Mary’s Cart :

K—o inCart
A

selected @=
Product

Link (participants)

imply ... @
}Cross values

Object oriented

§ Cross values required to match link participants.
— by subsetting participants by cross properties. 6



(In) Consistency (2)

Mary’s Cart :

selected

Product e— —| Product 13

Relational
«participant Property»

—® INCart

® Cart Product ®

Select 2 :
linked linked

Cross values Object
) oriented
imply ...

®

Link (participants)

§ Link (participants) required to match cross values.
— How? Cross values chained through links?

17



1 Consistency (2)

ShoppIng fincar { isSufficient } (aka “all”)
Model 5 ) Selection
M1 ’ ~~ o participant properties
( ) I/ linkedCart : ShoppingCart [1] Ssubsets linkedProduct 4inCart
0..x linkedProduct : Product [1] subsets linkedCart o selectedProduc
: Product [sefected N uet il
I Product |
t ]
| |
\ .
>« [ Mary’s Cart: Select 1. Product 12 :
_ _ elinkedCart :
Things Being selictedProduct < linkedProduct e- > ntan
Modeled (MO) _ _
linkedProduct ¢ inCart

linkedCart o selectedProduct

§ Link (participants) must exist ...
— ... when cross values do (subsettings are “satisfied”) *



Overview

§ Unresolved (still paying interest)

21



SST Assoc “Ends” (textual syntax)

Selection
end features
linkedCart : ShoppingCart [1] participants
linkedProduct : Product [1] € features
1
Model I
I
(M1) I

Shopping
Cart

Product

soc Selection {
{en 1inkedCart: ShoppingCart;
end linkedProduct._Product; }

§ SST “end” features are actually participant features.
— Values are the things being linked, exactly one each.
— Better term? Needs to be short, not an abbreviation. =



SST Assoc “Ends” (abstract syntax)

{ Classifies M1 Link and its

]

Classifier ~==specializations. }
Metamodel N ZP
(M2) | associationEnd —
I Feature <[0 " Association
: .
! N N
1 1 1
| | |
< .
part|C|pant Link
Library [2 ”I’ 4
_ part|C|pant
Model Anything  [<—
(M1) source? T Binary
Link oL
target } Association “ends”

§ Same term in the metamodel.

23



SST Assoc Textual Syntax (multiplicity)

Model
(M1)

Selection

end features

linkedCart : Shoppin

Shopping
Cart

rt [0..] :}

Participant

features

\

assoc Selection {
end linkedCart: ShoppingCart]|O.
end linkedProduct: Product|[O..*];}

Product

%ﬂ}”amy)

Cross
features

§ “End” multiplicity Is about cross features ...,

§ ... which might not exist.
— Useful for one-way and non-navigable associations.

§8 Looks like participant multiplicity (if you know “ené”).



SST Assoc Textual Syntax (multiplicity)

Selection
end features o
linkedCart : ShoppingCart [0..%] Participant
Model linkedProduct : Product [O..%] features
(M1) :
I
Shopping [InCart I selected
Product Cross
Product
Cart 0.. * ro cl)JC* }features

assoc Selection {
end linkedCart: ShoppingCart[0..*] Aubsets linkedProduct.inCart;

end linkedProduct: Product|[0..*]“Subsets linkedCart.selectedProduct;}

H_l
§ “End” multiplicity redundant and possibly conflicting

— between “end” and cross features.
§ In textual and abstract syntax. 25



SST Assoc Abstract Syntax (multiplicity)

Metamodel
(M2)

Library
(M1)

Model
(M1)

System
(M1)

multiplicity

associationEnd

Multiplicity S Feature ‘[io..*] ~ Association
N
1
I
<
participqnt {non-unique}
[2..%]
Anything participant [2]
%ource [*] Binary
éarget [«] A Link
A i R
Shopping Selection
Cart —
end features
~ ~ 4 li))lkedCart : ShoppingCart [0..*]
Product linkedProduct : Product [0..%]

Changes
meaning of
multiplicity
to be about
cross features

§ “End” changes feature multiplicity semantics ...

— ... to be about cross features.
— Number of participant feature values not restricted.

26



SST Associlations

] Selection :
(iInstances of Association
metamodel)

ow hedFeatureMembership ow nedFeatureMgmpership
~FeatureMembership (idégmmmﬁmz
N~
ow nedMemberFeature ow nedMemberFeature

info : Feature

linkedCart : Feature

multiplicities normal

y

about a feature’s vg]q«es\l,

Tl

ow nedFeatureMegbership

ow nedMemberFeature

linkedProduct : Feature

'I‘partlmpant multlpllcmes'l‘
e are about cross valuesy

Changes
meaning of
multiplicity
to be about
cross features

Sﬂ_le_cﬂo_n]nio_;
Classifi

" ShoppingCart: -

low erBound 4und

e | r—

value =1

~ MultiplicityRange >

N

_ Product:Classif b MuttiplicityRange

low erBoundﬁund

= Literalinteger

value =0

\

. Literallnfinif

assoc Selection {

low erBound ﬁ nd

_ Literallnteger : Literallnfinity

value =0

enu cart: ShoppingCart[0..*];
end selectedProduct: Product[O..*];
feature info: Selectioninfo [1..*]; }

27



Assoc Semantics (cross multiplicity)

Cart features

Model 7 A (if any)
M1 ’ S o
(M1) -” assoc Selection {

- Selection
Shopping Product }Cross

Y
I I
! end IlnkedCart ShoppingCart[0..1]; ! Participant
| end IlnkedProduct Product[l..%]; : features
|
N :
/J
Things Being L E .
; 5 Red links and
Modeled (MO) N — R cart violate cross
I';'-{:‘.;":‘.r': |y 4 e i I i
\ft,/ \\72@ }w-fir:;/ multiplicity

‘—_—’

§ Every cart and product must satisfy cross multiplicity,
—Vvia Selection links.



SST Assoc Semantics (cross multiplicity)

§ Informal text currently.

§ Applies only to instances of association (links),
—rather than instances of the associated classifiers.

[7.4.5] if an association end has a multiplicity specified other than 1..1, then this is interpreted as
follows: For each association end, the multiplicity, ordering and unigueness constraints specified
for that end apply to each set of instance of the association that have the same (single) values for
each of the other ends. For a binary association, this corresponds to the multiplicity resulting from
"navigating" across the association given a value at one end of the association to the other end of
the association.

[8.4.4.5.1] If an associationEnd has a declared multiplicity other than 1..1, then this shall be
Interpreted as follows: For an Association with N associationEnds, consider the i-th

associationkEnd e,. The multiplicity, ordering and uniqueness constraints specified for e, apply to
each set of instances of the Association that have the same (singleton) values for each of the N-
1 associationEnds other than e,.



SST Assoc Semantics (cross multiplicity)

Selection

Shopping
Product Cross
Cart } features
Model /7’ (if any)
(M1) <" assoc Selection { ~|
| end I inkedCa’firt: ShoppingCart[0. .1]; ! Participant
| end linkedPrbduct: Product[l..x]; | features
i :
N J
Things Being
Modeled (MO)
Misses this violation ) """~ S
Y Catches this violation
Semantics only applies to 30

association instances



SST Assoc, ldentifying Cross Features

participant [2]

Library .
_ source Binary
(M1) Anything Erget A Link
Model X JAN ?
(M1) : ? —
Shopping Selection
Cart -
System 71 - end features
it = 1 lijjkedCart : ShoppingCart [O..*]
(M1)
: Product F ‘ linkedProduct : Product [O..*]
| ? /:\
[ |
| i
: : I
Things Being Mary’s Cart : select 1: Product 12:
Modeled (MO) — < inkedGant
LZ_ linkedProducte : > | ? |

§ Nothing in the textual or abstract syntax for them.
— Cross-subsetting chain pattern is modeler option.
— APl access can’t depend on it, eg, for automated analysis.

31



Associlation Debt Summary

1. Misleading textual syntax
— Term: “end” for participant rather than cross features
— Cross feature multiplicity looks like participant’s.
2. Two meanings for feature multiplicity
— Requires special casing in modeling/analysis tools.
3. Incomplete semantics
— Number of participant values not restricted (should be [1]).
— Cross multiplicity semantics is informal and incomplete.
4. Cross features not identified

— Subsetting pattern is non-standard (tool builders and
modelers cannot depend on it). 32



§ Proposals

Overview

33



Assoc Textual Syntax (Proposal)

Selection
link end features
[0..%] linkedCart : ShoppingCart Participant
[0..#] linkedProduct : Product features
Model I
(M1) . !
Shcégftmg ; Product }Cross
System features
(M1) (if any)
assoc Selection {
linkEnd JO..*] IjnkedCart: ShoppingCart;
linkeEnd [O..*]~lijkedProduct: Product;}
>assoc BinaryLlink| {
Library IinkEnd sourcg: Anything [1] subsets participant;
(M1) linkEnd target: Anything [1] subsets participant;}

§ Keyword and cross multiplicity position change.
— Leaves (textual) room for participant multiplicity in library.



Assoc Abstract Syntax (Proposal)

multiplicity

Metamodel < F
inlich [0..1] eature [associationEnd
(MZ) MUItIpW< Cross iISEnd : Boolean Association

Multiplicity [0..4] Yy

[0..1] A\ [

I T

.. ]

Participant < _ .
multiplicity participant {non-unique}
Ilke other : pgt;]ipant [2] 4
- features Anything
lerary source [1] Binary
(M1) éarget 1] A Link
4 JAN
Model : ?
h in ,
(M1) > %%?t J S¢lection
SyStem - | kIink 2nd features Separate link end
(M1) Product [0+ linkedProduct - moduer | | MUttiplicity for
cross values

§ Cross multiplicity applies only when isEnd=true

35



Cross multiplicities (instances of metamodel)

Bi narYLmk . superclassifier B assification subclassifier SE|€C.tIO.n i
Assoclation Assoclation

ow nedFeatureMembership ow nedFeatureMembership

ow nedFeatureMembership ow nedFeatureMembership
. FeatureMembership . FeatureMembership ~EndEeatureMembership ~EndEeatureMembership
ow nedMemberFeature ‘ ow ned MIemberFeature
defined - defii )
target : Feature Earire : Redefintion Featura linkedProduct : Feature
ow nedMembe(Feature / \ |
source : Feature |redefined . Redefintion redefiing! |inkedCart : Feature | / \
Jeature — Feature o yare
——4 participant multlpllutles'l‘ J cross multiplicities,. N/
type/ mulidycare aboutparticipantsicd,— wee / Multivlipare about Gross vaIuesJ,
Anvthina : Multiplicity Anything : : Multiplicity ShoppingCagi~ . Multiplicity d Multlgllcny
Range Tvoe Range Classifi€r Range Range \
low erBoun upperBound w erBound upperBound erBound upperBound erBound And
value = 1 value = 1 value = 1 value = 1 value =0 value 0
~—

assoc BinaryLink { —
I inkEnd source: Anything [1] .

IinkEnd target: Anything [1] .

assoc Selection {
linkeEnd [O..*] linkedCart: ShoppiggCart;

linkeEnd [O..*] linkedProduct: Product;}



Assoc Semantics (cross mult) (How?)

' Selection
Shc():g[?tlng — Product Cross
D features
Model .

(if any)
M1 e _
(M1) - assoc Selection { ;

I

: 1inkEnd [0--1]'?IinkedCart: ShoppingCart; | participant
i 1inkEnd [1..%] ilinkedProduct: Product;} [ features
: 1
I

Things Being
Modeled (MO)

§ How constrain all instances collectively?
— Of association and its associated classifiers
§ Usually done in math semantics
— Trying to use math only in Core.

37



Assoc Semantics (cross mult) (Proposal)

Shopping Selection
Cart

features
Model if any

(M1) assoc SelectionS{
linkEnd [0..1T lipkedCart: ShoppingCart; D "
1inkEnd( [1..+]_TinkedProduct: Product;} arses 1o
assoc Selection {

@- feature inCart: ShoppingCart™[O..1]\featured by Product;
- feature selectedProduct: Product [1..*] featured by ShoppingCart;

Product }Cross

IinkEnd linkedCart: ShoppingCart
subsets linkedProduct.(Selection::inCart);
1inkEnd linkedProduct: Product
subsets linkedCart.(Selection::selectedProduct); }
§ Cross features in association namespace.

38



Redundant Cross Multiplicities (Proposal)

i inCart Selection lected
A o Saal podue | cross
. 1 features
Model i i )
(M1) classifer /ShoppingCart {
featurg selectedProduct:Product [1..%];

classifer Product {
feature~inCart: ShoppingCart [0..1]; }
assoc Selection {

11nkEnd I inkedCart: ShoppingCart
subsets linkedProduct. inCart;

1 1nkEnd 1 inkedProduct: Product
subsets linkedCart.selectedProduct; }
foati1r~ LT a Y [ PR [P I ron 1 _Faataq3a- T DAt ~4
L e e e bt el el i e I LY =] LR HL ~ Y e e A R
feature selectedProduct: Product [1. . *] featured by ShoppingCart

§ Move cross features to associated classifiers .
— As UML/SysML tools currently do with “association-owned ends”.



Assoc, Identify Cross Features (Proposal)

Metamodel Subsetting For binary associations only
(M2) fcross ? « source must be link end feature
Feature .
Feature [<1] Crossing e target must chain through other
A link end feature then cross feature
|
|
|
Shopping |inCart N
Cart 0..x AN Selection
| - \\ link end features
Mode ~| linkedCart : ShoppingCart crosses linkedProduct . inCart
(M1) 0. linkedProduct : Product crosses linkedCart . selectedProduct
Product
selected
Product
Selection
link end features
linkedCart : ShoppingCart across inCart
i} linkedProduct : Product across selectedProduct
assoc Selection {

1inkEnd [O..*] linkedCart: ShoppingCart across iInCart; 40
linkEnd [0..*] linkedProduct: Product across selectedProduct;}



Summary

Overview

41



Summary

§ Association (“ends”): Object oriented and relational.
—*“In” or “between” the associated classes/blocks.

§ Debt (paid in SST February)
— Inconsistency between OO and relational

§ Debt, TBP

— Misleading textual/abstract syntax (participants or ends?).
— Two meanings for multiplicity

— Incomplete semantics for both.

— Cross features are not identified in standard way.

42



Summary, TBP Debt, Proposals

§ Textual syntax is misleading (participant or cross feature?)
— Better participant feature keyword and cross multiplicity position.
— Leaves room for participant multiplicity inherited from library.

§ Two meanings for feature multiplicity
— Abstract syntax: Addition for cross multiplicity.
— Participant feature multiplicity reverts to usual meaning.

§ Incomplete semantics for cross features
— Cross features owned by association.
— Prevents redundant cross multiplicities.

43



Behavior as Composite Structure

Onto Time Modeling
(ad/20-03-01)

... In Alloy
(ad/2020-06-02)

Onto Requirements and Designs
(ad/2019-12-02)

Onto 4D
(ad/19-09-07)

Onto Activities
(ad/19-06-02)

Onto State Machines, Parts 1 & 2
(ad/18-12-09, 19-03-02)

Onto Interactions : Onto OO
(ad/18-06-11) : (ad/18-09-07)

Onto Behavior Basics
(ad/2018-03-02)



https://www.omg.org/cgi-bin/doc.cgi?ad/18-12-09
https://www.omg.org/cgi-bin/doc.cgi?ad/19-03-02
https://www.omg.org/cgi-bin/doc.cgi?ad/2018-03-02
https://www.omg.org/cgi-bin/doc.cgi?ad/19-06-02
https://www.omg.org/cgi-bin/doc.cgi?ad/19-09-07
https://www.omg.org/cgi-bin/doc.cgi?ad/2019-12-02
https://www.omg.org/cgi-bin/doc.cgi?ad/18-06-11
https://www.omg.org/cgi-bin/doc.cgi?ad/18-09-07
https://www.omg.org/cgi-bin/doc.cgi?ad/20-03-01
https://www.omg.org/cgi-bin/doc.cgi?ad/2020-06-02

SST/SysML2 Semantic Assets and Debts

SST/SysML2 Semantic Assets and Debt: Associations
(ad/2023-03-15)

SST/SysML2 Semantic Assets and Debt : Feature Ordering
and Non-uniqueness (ad/22-12-09)

SST/SysML2 Semantic Assets and Debt: Event Handling
(ad/22-09-01)

SST/SysML2 Semantic Assets: Onto Space Modeling 1 & 2
(ad/22-03-12, ad/22-06-10)

SST/SysML2 Semantic Debt : Requirements
(ad/21-12-01)

SST/SysML2 Semantic Debt Update:
Quantities and Units, Associations, Interactions (ad/21-09-05)

SST/SysML 2 Semantic Debt: Interactions, 1 & 2
(ad/21-03-07, ad/21-06-04)

SST/SysML2 Semantic (and other) Debt
(ad/20-12-07)

(SysML 2) Semantics without Fears Math / Little Math
(ad/20-09-03, sysenq/21-03-03) 45



https://www.omg.org/cgi-bin/doc.cgi?ad/21-03-07
https://www.omg.org/cgi-bin/doc.cgi?ad/21-06-04
https://www.omg.org/cgi-bin/doc.cgi?ad/20-09-03
https://www.omg.org/cgi-bin/doc.cgi?syseng/21-03-03
https://www.omg.org/cgi-bin/doc.cgi?ad/21-09-05
https://www.omg.org/cgi-bin/doc.cgi?ad/21-12-01
https://www.omg.org/cgi-bin/doc.cgi?ad/22-12-09
https://www.omg.org/cgi-bin/doc.cgi?ad/20-12-07
https://www.omg.org/cgi-bin/doc.cgi?ad/2023-03-15
https://www.omg.org/cgi-bin/doc.cgi?ad/22-03-12
https://www.omg.org/cgi-bin/doc.cgi?ad/22-06-10
https://www.omg.org/cgi-bin/doc.cgi?ad/22-09-01

Presentation Archives

§ Onto(logical) Behavior Modeling Archive
—ad/2023-03-13

§ SST/SysML2 Semantic Assets and Debt Archive
—ad/2023-03-14
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https://www.omg.org/cgi-bin/doc.cgi?ad/2023-03-13
https://www.omg.org/cgi-bin/doc.cgi?ad/2023-03-14
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